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Purpose or Objective: The purpose of this study was to 
prospectively evaluate the role of quantitative diffusion 
weighted imaging (DWI) and dynamic contrast enhanced 
(DCE) imaging used in combination for multi-parametric MRI 
prediction of treatment response in rectal cancer. 
 
Material and Methods: This study used a voxel-by-voxel 
multi-parametric histogram analysis strategy to assess tumour 
heterogeneity and its changes in response to 
chemoradiotherapy (CRT). Twenty patients with locally 
advanced rectal cancer undergoing neoadjuvant CRT 
prospectively underwent MRI on a 3T wide bore Siemens 
Skyra at 3 time-points: Pre-CRT, week 3 CRT, and post-CRT. 
The study protocol consisted of: (i) T2-weighted images (ii) 
DWI using RESOLVE, which was previously shown to be robust 
with respect to geometrical distortions. Images were 
acquired with b-values 50 and 800s/mm2 and 1 & 3 averages. 
ADC maps and calculated b=1400s/mm2 images were 
produced as part of protocol (iii) DCE consisted of pre-
contrast VIBE scans with flip angles 2º and 15º in order to 
calculate native T1, followed by gadoversetamide 
(0.1mM/kg) injection and 60 phases using TWIST with a 5s 
temporal resolution. ADC and Ktrans parameter maps were 
registered to T2-weighted images. Semi-automated 
segmentation was used to define the volume of interest from 
hyperintense tumour on the b-value=1400 images. A voxel-by-
voxel technique was used to produce colour coded histograms 
of ADC and Ktrans, as well as combined scatterplots and 
difference histograms for each time-point. CRT response was 
defined according to histopathology tumour regression grade 
(TRG) (AJCC 7th Edition). A complete protocol and analysis 
strategy was successfully developed which has utilized 
commercial, in-house developed and works-in-progress 
(Siemens OncoTreat) software. 
 
Results: Of 20 patients, 1 had clinical stage T2N2M0, 5 had 
T3N0M0, 4 had T3N1M0, 7 had T3N2M0, and 3 had T4N2M0. 
Eight patients had a good response (TRG0-1) and 11 patients 
had a poor response (TRG2-3) to CRT. Pathology for 1 patient 
is pending. We found the calculated b-value=1400 images 
useful for visualization of tumour. In good responders, the 
week 3 histograms and maps showed both a shift in 
distribution of ADC of pixels to higher values and Ktrans of 
pixels to lower values compared to the pre-CRT histogram. 
Figure 1 shows results for a good responder who had 
histologic TRG 1. The figure shows voxel-by-voxel combined 
scatterplots and colour coded ADC and Ktrans histograms side 
by side for pre-CRT (top panel), week 3 CRT (middle panel) 
and post-CRT (bottom panel).  
 
 
 
Conclusion: Multi-parametric histogram analysis of ADC and 
Ktrans appears to be a promising and feasible method of 
assessing tumour heterogeneity and its changes in response 
to CRT in rectal cancer. 
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Purpose or Objective: Functional imaging is widely used to 
evaluate the response to radiotherapy (RT) in patients with 
prostate cancer. In particular, variations of Apparent 
Diffusion Coefficient (ADC) are normally evaluated in the 
prostate (benign and malign zones), but organs at risk are 
usually not considered. The aim of our work was to 
investigate the changes of ADC values after RT and to 
correlate them to the dose in the penile bulb, as an organ 
which is considered to have an impact on sexual function 
toxicity. 
 
Material and Methods: Twelve patients with prostate cancer 
treated with RT were considered. Diffusion-weighted MRI 
(DWI) images were acquired using four different b values (0, 
150, 800 and 1000 s/mm²) at 1.5T before and after RT. A 
VOI-based approach was used to estimate ADC, considering 
the contours of the penile bulb as delineated by a 
radiotherapist (on T2-weighted MRI images). Specifically, for 
each b-value, the mean signal intensity in the bulb was 
calculated and the exponential model was fitted to these 
averaged values using linear regression algorithm. The 
patient set can be divided in two groups according to the 
time distance between the end of RT and the post-treatment 
DWI acquisition: A) patients with DWI acquired in acute phase 
(5 subjects, range of 6-15 days after the end of RT), B) 
patients with DWI acquired in non-acute phase (7 subjects, 
range of 76-179 days). Correlation of ADC variations with 
timing of post-RT DWI and mean dose to the penile bulb 
(corrected for fractionation using the linear-quadratic model 
and alpha/beta=3Gy) were investigated with linear regression 
analysis. 
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Results: Before RT, the ADC values were comparable for all 
patients. Considering group A, the mean ADC value before RT 
was 1.24 x10^(-3) mm²/s, lower than the ADC after RT (1.38 
x10^(-3) mm²/s) (Figure 1). Moreover, an increase in mean 
dose to the penile bulb corresponded to higher variations of 
ADC (p<0.05, Table 1). On the contrary, in group B, the mean 
ADC values remained almost unchanged (1.22 x10^(-3) mm²/s 
before RT, 1.20 x10^(-3) mm²/s after RT) (Figure 1); 
nevertheless, the linear regression analysis showed an ADC 
decrease tendency depending on time, as highlighted by the 
negative correlation between ADC changes and the amount of 
days after RT (p<0.05, Table 1). 
 
 
 
 
Conclusion: In patients with DWI acquired early after RT 
completion, ADC value in penile bulb increased and its 
increment was correlated with higher mean dose to the 
penile bulb; this behavior could be explained by the 
inflammatory status that normally follows RT. The group of 
patients acquired at least three months after RT, on average, 
didn’t show a difference in ADC value, but it was observed 
that increasing time from RT completion was correlated with 
decreasing of ADC values. This can be possibly explained by a 
physiological resolution of the inflammation phase and the 
possible beginning of fibrosis. These preliminary results 
obviously need confirmation in a larger population. 
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Purpose or Objective: To investigate whether structural 
patterns of cervical lymph nodes (LNs) on CT and T2-
weighted Magnetic Resonance (T2-w MR) images, using 
texture analysis, predict tumor control to chemo-
radiotherapy (CRT) of head and neck squamous cell 
carcinoma (HNSCC). 
 
Material and Methods: 14 patients with pathologically 
confirmed HNSCC treated with CRT were considered. All 
patients underwent two serial MR examinations (including T2-
w images), one before (MR1) and one mid-CRT (MR2). All 
slices containing pathologic LNs were manually contoured by 
a dedicated HN radiologist both MR studies; in addition, LNs 
on MR1 were automatically deformed on planning CT (plCT) 
by an elastic registration method. Seventeen volumetric and 
textural features were then extracted from MR1, MR2 and the 
plCT: volume-based indices (volume, orientation, 
eccentricity, equivalent diameter), histogram-based indices 
(mean intensity, variance, entropy, skewness, kurtosis), 
GLCM (Grey-Level Co-occurrence Matrix)-based indices 
(energy, ASM, correlation, homogeneity, entropy, contrast, 
dissimilarity) and fractal dimension. During at least 1 year of 
follow-up (median follow-up time, 2 years) 9 LNs were 
classified as being controlled (without evidence of disease 
during follow-up on MRI and PET-CT) and were labeled ad RC 
LNs; 7 LNs were classified as having regional failure 
(pathology proven residual tumor at neck dissection after 
CRT or during the follow up) and were labeled as RF LNs. 
Both pre-treatment features (MR1 and plCT) and mid-
treatment features (MR2 and differences between MR1 and 
MR2) were considered to discriminate between RC and RF. 
The classification analysis was performed using Fisher’s linear 
discriminant analysis and the accuracy was estimated using 
the leave-one-out approach. 
 
Results: Box-and-whisker plots of the features with higher 
classification accuracy in the two groups are reported in 
Figure 1. In general, pre-RT features had a higher 
discriminative power than mid-treatment parameters. 
Entropy measured on CT (93.8%) reached the best accuracy, 
with higher values of entropy related to RF LNs. The best 
parameter of MR1 was kurtosis (accuracy=81.3% with higher 
values for RC LNs). Half-way through RT, the best indices 
were skewness for MR2 (accuracy=78.6% with higher values 
for RC LNs) and the variation in contrast (accuracy=71.4% 
with higher positive variations for RF LNs). 
 
 
 
Conclusion: Our preliminary results show that RC LNs have a 
lower CT entropy and higher MR1 kurtosis, suggesting that 
more homogeneous LNs before treatment may better respond 
to CRT, probably due to limited areas of necrosis and 
hypoxia. Pre-RT features had a higher discriminative power 
over mid-treatment ones, probably due to transitory 
inflammatory processes masking and confounding MR2 
